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RESEARCH OBJECTIVE
TO INVESTIGATE THE POSSIBILITY OF USING LASER i
GENERATION AND DETECTION OF ULTRASOUND TO
REPLACE PIEZOELECTRIC TRANSDUCERS FOR THE =
ACOUSTO-ULTRASONIC TECHNIQUE.
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ADVANTAGES OF LASER ACOUSTO-ULTRASONICS
• NON-CONTACT TESTING
• PIEZOELECTRIC TRANSDUCER COUPLING PROBLEMS
ELIMINATED
CONTACT PRESSURE
COUPLANT
TESTING HOT SURFACES OR IN HOSTILE ENVIRONMENTS
• RESONANCE OF TRANSDUCERS ELIMINATED
• POINT DETECTION
• NARROW AND WIDE BAND DETECTION
• DETECTION NEAR MATERIAL EDGES
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DISADVANTAGES OF LASER DETECTION
• SURFACE MUSTBE REFLECTIVE
• NOT AS SENSITIVE AS PIEZOELECTRIC TRANSDUCERS
• OPTICAL SYSTEMS ARE OFTEN MORE EXPENSIVE
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TYPES OF INTERFEROMETERS USED
- PATH STABILIZED BULK SYSTEM
- HETERODYNE FIBER OPTIC SYSTEM
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INTERFEROMETER
SENSITIVITY CON..,,SIDERATIONS
i
SNR
1/2
h : PLANCK'S CONSTANT
_, : OPTICAL WAVELENGTH
1"1 : DETECTOR QUANTUM EFFICIENCY
8 : SIGNAL AMPLITUDE
AV: DETECTION BANDWIDTH
R :SAMPLE REFLECTIVITY
Po: LASER POWER
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LASER GENERATION OF ULTRASOUND
KIGRE Nd YAG PULSED LASER
17 mJ PER PULSE
4 ns PULSE LENGTH
3 mm BEAM DIAMETER
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NdYAG
LASER
LENS
0 LASER PROBE BEAM
_ ALUMINUM PLATE
1.5 INCH THICKNESS
NON-CONTACT GENERATION AND DETECTION OF
ULTRASOUND IN AN ALUMINUM BLOCK
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NON-CONTACT GENERATION AND DETECTION
OF ULTRASOUND IN A BRASS PLATE
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THEOReTICAl. RECORO OF A STEP--LOAOING
I_OINT SOURCE STRIKING AN INFINITE PtAL.F-SP_CE
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DIMENSIONS OF SAMPLES USED IN LASER
ACOUSTO-ULTRASONIC TESTS
GR/EPOXY
90 DEGREE
LAMINATE
ee m m
10 in.
u _eee_
0.054 in. thick
GR/EPOXY FILAMENT
CROSS- WOUND
PLY COMPOSITE
m m ell
9 tn.
0.046 in. thick
-T
m 5LR,
0.25 in. thick
(ALL SPECIMENS 0.5 INCHES WIDE)
*3M SILVER POLYESTER FILM TAPE WAS USED AT
DETECTION SITES TO INCREASE REFLECTIVITY
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75
0.20
Piezoelectric Detection
0.10
09
0
:> -0.00
(1)
-0
3 -0.10
D_
E
<_ -o.2o
-0.50
0.00
0.10
I II I/ It ItJIR|JiIII ittltl 111 I I II Ittltl I
50.00 100.00 150.00 200.00
Time (ffs)
Interferometric Detection
0.05
-0.00
C,9
0 -0.05
(1) -0.10
-_ -0.15
D_
F -0.20
<{
-0.25
-0.30
0.00
Laser Generation
I I I I I l I I I j I I I I I I I I I J I I I I | I I I I j I I I I I I I I I
50.00 100.00 150.00 2130.00
Time Wo_uSl(Fila merit Corn posite)
76
........... :=
0.30
Piezoelectric Detection
0.20
0.15
50.00100.00150.00200,00250,00
Time (ffs)
Interferometric Detection
300.00
0.10
0.050'3
0
,._,>-0.00
©
-c_ -0.O5
-4--,'
,_
CK
E -O.lO
<
-0.15
-02%ob.... '_._6'' '_;_6'.b_J"i'_b'._'6....2oo.oo"'.........25o.oo"'"'_ _6.GO
Time I_s;Laser Generation (Gr/Epoxy egree Laminate)
77
0.20
Piezoelectric Detection
0.10
CO
.+-,
0 -0.00
>
©
D -0.10
O._
E
<( -0.20
-0.50
0.00
0.40
_lllltlllllllll/ltllllllllllllltlltllllllllliltttlllll It
_o.oo1oo.oo1_o.oo200.002_o.oo3o0.00
Time (ffs)
Interferometric Detection
0.20
O9
O
> -0.00
(1.)
-0.20
o__
D_
E
< -0.40
-0.60 iiiltltllllltltlllll:l;l;:iltlllltllllllllltttlllllllllltlll III
0.00 50.00 100.00 150.00 200.00 250.00 ,500.00
Time _roSs)s_p ly)Laser Generation (Gr/Epoxy
78
SUMMARY
LASER ACOUSTO-ULTRASONICS COMPLEMENTS
STANDARD PIEZOELECTRIC ACOUSTO-ULTRASONICS
AND OFFERS NON-CONTACT NONDESTRUCTIVE
EVALUATION.
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